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SIGNIFICANCE OF THE PROBLEM 
Introduction 
Lactose, the carbohydrate in milk, has gained the attention of many 
researchers across the world in recent years. When this disaccharide is 
consumed by some ethnic groups, physical discomfort may result due to 
the inability to properly hydrolyze this sugar, resulting in its malab-
sorption (3, 4, 49). The incidence of lactose malabsorption among 
Native North Americans has not been studied as extensively as in people 
of other origins (96). With the large American Indian population in 
Oklahoma, lactose malabsorption may be conveniently studied in this eth-
nic group. This study is the largest to be reported to date and the 
first to use breath hydrogen analysis to assess the occurrence of lac-
tose malabsorption in Native Americans. Only two other studies of lac-
tose malabsorption in Native North Americans have been reported; one by 
Leichter and Lee (65) with Canadian West Coast Indians and the other by 
Bose and Welsh (17) with Oklahoma Indians. These two studies used the 
lactose tolerance test (LTT), the most frequently used clinical method, 
to determine the incidence of lactose malabsorption. 
The breath ~ydrogen test (BHT), a non-invasive method for deter-
mining lactose maldigestion by gas chromatography, is not extensively 
used at the present time as a clinical tool to evaluate lactase activ-
ity (16, 20, 34, 42, 75, 80). The production of hydrogen gas is one of 
1 
2 
the by-products of bacterial fermentation of lactose in the intestinal 
tract (16, 19). When lactose, milk sugar, is ingested, if there is 
enough enzyme, lactase, present in the brush border of the small intes-
tine, the lactose will be hydrolyzed to its constituent monosaccharides, 
glucose and galactose (49). The monosaccharides are then absorbed and 
subsequently gain access to the blood stream. However, when there is 
low activity of the enzyme, lactose will remain in the intestinal tract 
unhydrolyzed. The lactose then serves as a good host for intestinal 
microorganisms which generate hydrogen gas (19, 20). The hydrogen gas 
diffuses across the intestinal wall and is carried by the blood to the 
lungs. The amount of hydrogen excreted from the lungs correlates well 
with the total amount produced in the gut and hence can be used as a 
good indicator of low lactase activity (66). This is the basis for the 
breath hydrogen test in determining lactose malabsorption. 
Purpose 
The purpose of this study was to use the breath hydrogen test to 
determine the incidence of lactose malabsorption due to low lactase ac-
tivity in 60 seven-eighths to full-blooded Oklahoma Indians. The sub-
jects ranged in age from 3 to 64 years making it possible to study the 
effect of age on lactose malabsorption in this ethnic group. Another 
factor considered was the influence of routine milk consumption on lac-
tose maldigestion in Native Americans. 
CHAPTER II 
REVIEW OF LITERATURE 
Milk, the major food of most mammals during infancy, is known to be 
a complete food containing carbohydrate, fat and high-quality protein. 
In ~ddition, it is an excellent source of calcium and riboflavin, as 
well as furnishing many other essential nutrients. Only in approxi-
mately the last 6000 years has milk been a constituent of the human diet 
beyond infancy. At the present time, milk constitutes a major dietary 
component throughout life for individuals in the Western Hemisphere, but 
in many other parts of the world milk is never consumed again following 
infancy (49). 
A product of the mammary gland, milk, is believed by some ethnic 
groups not to be a proper food for man. They do not like its smell or 
taste and think that drinking milk is unclean because they experience 
diarrhea and other physical discomfort following its consumption (95). 
Early in this century diarrhea and excessive fermentation were associ-
ated with the ingestion of lactose, the sugar in milk. Hence, lactose 
malabsorption was recognized several decades ago, but only in the past 
20 years has a more detailed knowledge led to the different types of 
lactose malabsorption (49). 
Lactose Malabsorption 
When speaking of an ethnic group's inability to absorb lactose, 
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several descriptive terms are used. The definitions are given here for 
clarity. Lactase deficiency is not a disease, for individuals through-
out the world with low levels of lactase may have good health. There-
fore, this is a condition that probably exists in the majority of the 
world's adult population and might better be called low lactase activity 
(99). Lactose malabsorption describes reduced absorption of lactose, a 
consequence of low lactase activity (86). With lactose intolerance, 
clinical signs (i.e., abdominal pain, diarrhea, bloating, flatulence) 
are evident following ingestion of a standard dose or less of lactose in 
an individual with proven lactose malabsorption (86). 
Lactose malabsorption resulting from the decrease or absence of the 
enzyme, lactase, may be classified into one of three general categories: 
congenital, secondary or primary (13, 49). Congenital absence of lac-
tase is a rare disorder that is exemplified immediately after birth with 
the ingestion of lactose. Fermentative diarrhea and failure to thrive 
result until lactose is removed from the diet. Lactose-free formulas 
are now readily available for adequate nutritional care of these 
infants. 
Secondary lactose malabsorption results from a depression of lac-
tase activity due to intestinal mucosal damage which may accompany dis-
orders of the intestinal tract and other diseases such as celiac 
disease, cystic fibrosis, ulcerative colitis or malnutrition. This con-
dition is more common and may result in only a temporary removal of lac-
tose from the diet, 
Primary lactose malabsorption describes the condition that becomes 
evident when an individual reaches an age when lactase activity de-
creases. Lactase production begins during the third month of gestation, 
and in some ethnic groups lactase activity remains consistently high 
throughout life. In other races, low levels of lactase occur during 
infancy or early childhood. 
Age of Onset 
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Primary lactose malabsorption appears to be very rare in healthy 
infants, even in populations where low lactase levels are prevalent 
after weaning. Studies of Ugandan Bantu and Australian aboriginal 
children indicate that at least 80 percent of those studied between the 
ages of three and five years had lactose maldigestion (22, 31). In 
Jamaican children tested, 70 percent under four years of age had flat 
lactose tolerance curves (100). Seventy-five percent of Peruvian chil-
dren studied demonstrated an inability to digest a lactose load by the 
age of three years and 87 percent of 46 normal Thai children over two 
years of age were lactose intolerant (83, 54). Johnson and colleagues 
(49) state it is generally agreed that those people who are lactose non-
digesters as adults actually lost their capacity to digest lactose ef-
fectively by three to five years of age. Other studies have shown the 
incidence of lactose malabsorption increases with age (4, 46, 60, 87). 
Incidence of Lactose Malabsorption 
The occurrence of primary lactose malabsorption has been studied in 
many ethnic groups and across the world more people are lactose malab-
sorbers than absorbers (4, 49). Table I shows a comparison in ethnic 
groups of the incidence of lactose malabsorption as determined by abnor-
mal lactose tolerance tests or intestinal biopsies. When the geograph-
ical origins of ethnic groups are considered, the occurrence of lactose 
TABLE I 
LACTOSE MALABSORPTION AMONG ETHNIC GROUPS 
Number of Percent Malabsorbers 
Population Locale of Study Subjects Age Range LTT Biopsy Reference 
African Descendants 
African Kenya 45 Children 62 70 
American Negro Maryland 98 22-72 yrs 81 7 
American Negro Maryland 41 14-78 yrs 73 25 
American Negro Illinois 24 Adults 75 69 
American Negro Oklahoma 22 Adults 77 103 
American Negro Maryland 20 18-54 yrs 75 70 6 
American Negro Maryland 20 11 mos-11 yrs 30 46 
American Negro Oklahoma 11 11-53 yrs 100 104 
Baganda Uganda 14 3-9 yrs 86 22 
Baganda (Bantu) Uganda 35 11-70 yrs 89 24 
Bahima Uganda 11 6-53 yrs 9 24 
Bahutu and Nilotic Uganda 11 8-60 yrs 64 24 
Bantu South Africa 22 Adults 91 47 
Bantu Uganda 22 5-70 yrs 95 24 
Batutsi (Hamitic) Uganda 7 10-50 yrs 14 24 
Bush Negroes Surinam 29 Adults 100 71 
Fulani Nigeria 33 Over 4 yrs 58 58 
Rausa Nigeria 17 Over 4 yrs 76 58 
Hausa/Fulani Nigeria 15 17-60 yrs 60 81 
Ibos Nigeria 11 13-38 yrs 82 81 
Mixed Tribes Nigeria 9 18-49 yrs 100 81 
Sephardi (Morocco, 
Tripoli, Tunis) Israel 32 19-65 yrs 63 35 
Yoruba Nigeria 48 13-70 yrs 83 81 
Yoruba Nigeria 41 Over 4 yrs 98 58 
TABLE I (Continued) 
Number of Percent Malabsorbers 
Population Locale of Study Subjects Age Range LTT Biopsy Reference 
Asian Descendants 
Chinese Australia 30 Adults 90 11 
Chinese (Australian-born) Australia 34 13-34 yrs 56 12 
Chinese, Filipino Maryland 20 23-38 yrs 95 45 
Chinese, Japanese, Korean Minnesota 11 23-39 yrs 100 21 
Chinese, Malays, Indians Singapore 11 1-3 yrs 36 14 
Chinese, Malays, Indians Singapore 14 3-5 yrs 21 14 
Chinese, Malays, Indians Singapore 14 5-7 yrs 50 14 
Chinese, Malays, Indians Singapore 17 7-9 yrs 70 14 
Chinese, Malays, Indians Singapore 14 9-15 yrs 93 14 
Chinese, Malays, Indians Singapore 22 15-42 yrs 100 14 
Indian India 54 7 mos-7 yrs 41 87 
Indian India 22 21-62 yrs 54 28 
Indian India 18 20-40 yrs 61 87 
Indian Australia 5 32-39 yrs 80 10, 11 
Japanese Japan 25 15-64 yrs 92 93 
New Guinea Natives Australia 8 14-30 yrs 100 10, 11 
Oriental (Persia, Syria, 
Lebanon) Israel 20 24-64 yrs 85 35 
Thai Thailand 140 Adults 97 55 
Thai Thailand 126 6 mos-2 yrs 44 54 
Thai Thailand 75 Adults 100 33 
Thai Thailand 46 30 mos-8 yrs 87 54 
Thai Thailand 39 13-72 yrs 100 101 
Thai Thailand 24 4-12 yrs 100 33 
Thai Thailand 13 Under 4 yrs 54 33 
TABLE I (Continued) 
Number of Percent Malabsorbers 
Population Locale of Study Subjects Age Range LTT Biopsy Reference 
Australian Descendants 
Aborigines Australia 44 1 mos-15 yrs 91 31 
Eastern European Descendants 
Ashkenazi Jewish (Polish, 
Russian, Rumanian, et al) Israel 53 20-70 yrs 79 35 
Czechoslovakians British Columbia 17 17-65 yrs 18 62 
Finnish Finland 159 21-65 yrs 17 50 
Poles British Columbia 21 17-65 yrs 29 62 
Western European Descendants 
American Caucasian Oklahoma 145 3-80 yrs 19 103 
American Caucasian Minnesota 100 20-63 yrs 6 79 
American Caucasian Illinois 93 Adults 19 69 
American Caucasian Maryland 59 19-66 yrs 12 7 
American Caucasian Thailand 58 Adults 24 55 
American Caucasian Washington, D. c. 50 19-42 yrs 16 94 
American Caucasian Maryland 20 11 mos-11 yrs 5 46 
American Caucasian Maryland 20 18-54 yrs 10 5 6 
American Caucasian Maryland 19 14-78 yrs 16 25 
American Caucasian Oklahoma 11 8-48 yrs 45 104 
Australian Caucasian Australia 100 18-40 yrs 6 15 
Australian Caucasian Australia 23 Adults 0 10, 11 
Caucasian Alaska 12 Adults 25 30 
Caucasian Thailand 9 Adults 0 33 
co 
TABLE I (Continued) 
Number of Percent Malabsorbers 
Population Locale of Study Subjects Age Range LTT Biopsy Reference 
Western EuroJean Descendants 
(Continued 
Danish Denmark 700 Adults 3 38 
Danish Eskimos Greenland 7 13-75 yrs 14 39 
Dutch Surinam 14 Adults 36 71 
English England 67 Adults 22 74 
Swiss Switzerland 17 20-62 yrs 6 40 
Mediterranean Descendants 
Cretans Greece 50 15-78 yrs 56 51 
Egyptian Arab Egypt 14 13-65 yrs 93 41 
Greek Greece 600 15-78 yrs 45 51 
Greek Cypriots Greece 50 15-78 yrs 66 51 
Greek Cypriots England 17 Adults 88 74 
Iraqis (Iraq) Israel 38 17-65 yrs 84 35 
Israeli Arab Israel 67 20-80 yrs 81 36 
Israeli Jewish Israel 93 Adults 61 92 
Sephardi (Turkey, Greece, 
Bulgaria) Israel 36 17-69 yrs 72 35 
Yemenites (Yemen) Israel 36 20-70 yrs 44 35 
Western Hemis~here 
Descendants 
American Indian Oklahoma 36 18-57 yrs 81 17 
American Indian Oklahoma 5 3-22 mos 0 17 
American Indian Oklahoma 3 Adults 67 103 
TABLE I (Continued) 
Number of 
Population Locale of Study Subjects Age Range 
Western Hemisphere 
Descendants (Continued) 
Canadian Indians British Columbia 30 14-24 yrs 
Chami Indians Columbia 24 15-55 yrs 
Eskimos Alaska 27 7-14 yrs 
Eskimos Greenland 25 13-75 yrs 
Indians and Eskimos Alaska 26 Adults 
Jamaican Jamaica 20 Under 4 yrs 
Mexican Mexico 193 13-17 yrs 
Mexican Mexico 108 13-21 yrs 
Mexican Mexico 100 18-72 yrs 
Mexican-American Oklahoma 33 9-60 yrs 
Mexican-American Texas 11 19-57 yrs 































non-digestion can be readily summarized. Studies show a high incidence 
(50 to 100 percent) among populations of Asia, the Mediterranean, 
Africa, and native people of Australia and the Western Hemisphere. Low 
incidences of lactose malabsorption (30 percent or less) are most prev-
alent in people of European extraction. 
Hypotheses of Lactose Malabsorption 
To explain the regional and ethnic differences in primary lactose 
malabsorption, four hypotheses have been proposed: genetic, culture 
historical, induction or adaptive and inhibition. The genetic hypothe-
sis is supported by more medical researchers than the other hypotheses 
(5, 21, 24, 33, 46, 47, 69, 104). It proposes that racial dissimilari-
ties in incidence of lactose malabsorption reflect the genetic differ-
ences among ethnic groups. Such genetic contrasts have been brought 
about by some genetic factor or by some unknown selective process that 
is not directly related to milk consumption. 
Several studies have been presented that gave supportive evidence 
to the genetic hypothesis. Two simultaneous studies by independent re-
searchers, one in the United States and the other in Africa, reported 
the incidence of lactose malabsorption was 70 percent in black 
Americans and 72 percent in black Africans (5, 24). Black Americans 
descended from black Africans over 300 years ago and although they have 
experienced different cultural patterns, their incidence of lactose mal-
absorption has remained almost identical to the native African. Huang 
and Bayless (46) found 14 out of 20 Negro children in their study had a 
family history of milk intolerance. The children were 11 months to 11 
years old and 30 percent were lactose malabsorbers. Lactose tolerance 
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tests obtained by Welsh and colleagues (104) on 22 members of two white 
and two black families revealed similar results. Sixteen individuals, 
representing two generations, were intolerant to lactose. 
A variation of the genetic hypothesis is the culture historical hy-
pothesis (49). It postulates that during the early stages of human evo-
lution man may have had a developmental pattern of lactase activity 
similar to that of most other land mammals. Blaxter (9) has shown the 
developmental pattern of lactase activity to be high at birth in the 
rat, pig, calf, rabbit, cat and dog, and then decline sharply at weaning 
to a low level for the remainder of life. Hence, it appears the culture 
historical hypothesis does not explain why some ethnic groups such as 
white Americans continue to have high lactase activity during adulthood. 
Simoons (96) explained such a change in lactase activity by referring to 
the history of dairying and milk use in different cultures. Dairying 
was believed to have begun in Mesopotamia around the middle of the 
fourth millennium BC (57, 96). If the cultures of the world are cate-
gorized according to their historical use or omission of foods contain-
ing lactose, and if this classification is compared to the incidence of 
adult lactose malabsorption in ethnic groups, then the change in the 
evolutionary pattern of the culture historical hypothesis may be appar-
ent, Three types of cultures have evolved since the domestication of 
dairy animals: 
1. Some cultures have never engaged in dairying and thus, milk 
products have never been included in significant amounts in the adult 
diet. These groups include the aborigines of Australia, natives of New 
Guinea and the American Indian all of whom have high incidences of lac-
tose malabsorption (72). 
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2. Some cultures have raised dairy animals but have never included 
significant quantities of dairy foods in their adult diets. Various 
reasons for not consuming milk products have been given, such as the 
cultural disdain that it was wrong to take milk that was intended for 
the young animal, or that one takes on the characteristics of the animal 
from which the milk was derived. In tropical regions, infestation of 
the tsetse fly-borne trypanosomiasis destroys dairy animals and is 
therefore a limiting factor for the production of milk products. 
Chinese, Thais, Filipinos and most African Negroes are some of the eth-
nic groups of this cultural pattern (72). As with the first cultural 
pattern, these groups have high incidences of lactose malabsorption. 
3. Over several centuries some cultures have engaged in dairying, 
and foods containing lactose have been a significant component of their 
adult diets. Included in this pattern are pastoral tribes of Africa and 
most Europeans with their descendants all of whom have low incidences of 
lactose malabsorption (72). 
Cook and Kajubi (24) interpreted their findings in two tribes in 
Africa to be the result of inherited differences and not due to cultur-
al influences. The Baganda tribe with an incidence of 89 percent lac-
tose malabsorption have a diet consisting mainly of vegetables and 
bananas. Their milk consumption is less than one-half cup per day. In 
contrast, the Bahima tribe consume four to fourteen cups of milk per day 
and little else, Only nine percent of the Bahima subjects were lactose 
malabsorbers. Other researchers interpret these results as support for 
the adaptive hypothesis (13). 
In 1965, Cuatrecasas and colleagues (25) proposed the induction or 
adaptive hypothesis to account for differences in primary lactose 
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intolerance in adults. Bolin and Davis (13) also supported this hypoth-
esis which stated that if an individual continued to consume dairy prod-
ucts after weaning, dietary lactose, the substrate for lactase, would 
induce the lactase activity in the small intestine to continue at the 
high levels prevalent in infancy. Therefore, this hypothesis implied 
lactose tolerance would result with continued milk drinking throughout 
life and in opposition intolerance would be associated with discontinu-
ance of milk over a period of time. 
A study of 60 patients, 41 of whom were Negro, showed a good cor-
relation between milk consumption and lactose absorption (25). Eighty-
seven percent of the milk drinkers were lactose absorbers and only 14 
percent of non-milk drinkers were absorbers, However, this research in-
dicated other factors must have an influence for the adaptive hypothesis 
was not inclusive for all people. An attempt was made to induce lac-
tose absorption in seven of the malabsorbers by giving them 150 grams 
per day of lactose (e~uivalent to lactose in approximately three ~uarts 
of milk) for up to 45 days. The results showed there was no increase in 
lactose absorption or jejunal lactase activity, In comparison, two ab-
sorbers were deprived of lactose four to five months and showed a de-
cline in enzyme activity, 
In a similar study there was no significant change in the level of 
intestinal lactase in four persons on a lactose-free diet for two months 
and in another person who was fed.a diet consisting of 30 percent lac-
tose for 14 days (91). In Thailand, 50 lactase-deficient males were fed 
50 grams of lactose for one month and showed no change in their ability 
to tolerate lactose (55). In contrast, Kogut and associates (56) deter-
mined that nine galactosemic children who had not consumed lactose for 
15 
7 to 17 years had normal levels of intestinal lactase. These studies 
indicate that the intestinal lactase level is independent of the amount 
of lactose consumed. 
Another hypothesis, the inhibition of lactase by drugs or foods, 
was advanced in an attempt to help explain the ethnic differenceq in 
lactose absorption. This hypothesis is based on the observation that 
the drug colchicine inhibits lactase activity in the rat (43). Some 
foods and other drugs may contain similar lactase-inhibiting substances 
and the variation in ethnic food patterns may result in racial differ-
ences of lactose absorption. This hypothesis can only be considered 
speculative since very little supportive research has been reported. 
Diagnostic Procedures 
Several procedures are available to the clinician for assessing 
lactose malabsorption. The purpose of all diagnostic methods is to 
determine the amount of lactase activity in the intestinal tract that is 
available for the hydrolysis of lacto.se, Therefore it is necessary for 
a person to fast for eight to twelve hours before a dose of lactose is 
given in order for test results to indicate only lactose absorption or 
malabsorption, The oral lactose tolerance test (LTT) is a good screen-
ing procedure and the most frequently used to determine lactase activ-
ity. It is a biochemical test used to determine the rise in blood 
glucose following the ingestion of a test dose of lactose. The amount 
of lactose usually given is 2 gm/kg of body weight or 50 gm/square meter 
of body surface for children and 1 gm/kg of body weight for adults (49, 
102). Capillary blood samples are taken at 0, 30, 60 and 120 minutes. 
Blood glucose is determined by one of the following methods: 
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Nelson-Somogyi, glucose oxidase or ferricyanide adapted to the Auto 
Analyzer (78, 73, 44). A rise in blood glucose over the fasting level 
of less than 20 mg/100 ml plus the presence of symptoms such as abdomi-
nal pain, flatulence or diarrhea are evidences of lactose malabsorption. 
A modification of the lactose tolerance test is the administration 
of ethanol simultaneously with the lactose test dose (80), Ethanol in-
hibits the enzyme UDP galactose-4-epimerase which converts galactose to 
glucose (52). Therefore, blood galactose increases after lactose and 
ethanol ingestion if the lactose is hydrolyzed by lactase. An increase 
of blood galactose of less than 10 mg/100 ml indicates low lactase ac-
tivity. The blood galactose reaches a peak in 45 to 60 minutes. It is 
proposed that a single blood galactose measurement at 45 minutes after 
a small lactose-ethanol test dose would accurately distinguish between 
absorbers and malabsorbers of lactose (52). 
A noninvasive variation of the lactose tolerance test is the rating 
of the severity of symptoms such as diarrhea, flatulence, bloating and 
cramps that may occur following a lactose load. After a 50-gram dose 
of lactose, Stephenson and Latham (99) determined a subject's "lactose 
score" by the number and severity of symptoms that occurred within 
eight hours. Each symptom was rated by the subject as mild, moderate 
or severe. This procedure is not very reliable for it depends on the 
subjective estimate of the subject in determining the severity of symp-
toms. 
The most reliable diagnostic procedure for determining lactase de-
ficiency is the enzymatic analysis of a biopsy of the small intestine. 
A specimen of intestinal mucosa can be obtained using a peroral intes-
tinal biopsy capsule attached to polyethylene tubing (90). The capsule 
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is swallowed by the subject and its position in the gastrointestinal 
tract can be determined by a fluoroscope. When the capsule reaches the 
ligament of Treitz at the junction of the duodenum and jejunum, a sam-
ple of intestinal mucosa is obtained (69). The specimen can be re-
trieved via the tubing so more than one biopsy can be taken while the 
capsule is in position. The lower limit for normal lactase activity 
ranges from 0.5 to 2.0 units per gram of mucosa (49). The sucrase to 
lactase ratio can also be determined from an intestinal biopsy to help 
interpret lactase activity. This ratio is 4:1 or less in normal indi-
viduals. 
The intestinal biopsy may present several undesirable circumstances 
while attempting to obtain a specimen. Sheehy and Anderson (94) listed 
the following: inability of the subject to swallow the capsule, failure 
to obtain tissue even though the capsule fired, broken tubing in an area 
chewed by the patient with non-retrieval of the capsule by mouth, fail-
ure of the capsule to fire, gastric or duodenal mucosa obtained instead 
of jejunum. Therefore, this procedure requires well-trained personnel. 
The excretion of breath hydrogen as determined by gas chromatog-
raphy is a very sensitive and reliable technique for determining lactose 
malabsorption (16, 20, )4, 42, 75, 80). It is a non-invasive method 
that lends itself to field work and to the study of subjects of all 
ages. The basis of this test was discussed in Chapter I and the test 
procedures are described in Chapter III. 
Another breath analysis that may be used in diagnosing lactose mal-
absorption is the measurement of 14co2 by liquid scintillation spectros-
copy after the ingestion of 1-14c lactose (80). If the 1-14c lactose is 
hydrolyzed, 1-14c glucose is absorbed and then oxidized to 14co by 2 
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tissue enzymes. The rationale of this procedure is the decreased hy-
drolysis of lactose causes decreased glucose absorption and hence, de-
14 creased breath C02 • One disadvantage of this method is that bacterial 
enzymes can also convert 14c lactose to 14co2 • Therefore, unabsorbed 
lactose in the colon will also generate 14co (80). 
2 
A less frequently used means in determining intestinal lactase ac-
tivity is the interpretation of an abdominal radiograph taken one hour 
after the individual ingests a lactose-barium sulphate mixture (59). 
The radiograph of a lactase-deficient person indicates dilution of the 
barium and dilation of intestinal loops. 
In infants a semi-quantitative test for lactose malabsorption is 
the determination of the pH and reducing substances in the feces after 
the consumption of a lactose test meal (53). Acid stools indicate the 
presence of lactic acid which was produced when unabsorbed lactose was 
fermented. Fecal-reducing substances result when unhydrolyzed lactose 
is excreted by infants with lactose malabsorption. This quick procedure 
is not of value in adults because the unabsorbed lactose is consumed by 
the bacteria in the large intestine (26). 
- ------ ------------
CHAPTER III 
METHODS AND PROCEDURE 
The excretion of breath hydrogen resulting from nonabsorbed lactose 
was determined in 60 subjects who were seven-eighths to full-blooded 
Oklahoma Indians and ranged in age from 3 to 64 years. A brief family 
history was obtained to verify each subject's Indian heritage (see 
Appendix A, page 43). The subjects were classified into six age cate-
gories: preschool (3 to 5 years; mean 4.8 years), school age (6 to 12 
years; mean 9.5 years), adolescence (13 to 19 years; mean 15.5 years), 
young adult (20 to 30 years; mean 24.5 years), adult (31 to 44 years; 
mean 36.2 years) and older adult (45 to 64 years; mean 54.? years). The 
age of each individual was determined by his birthday in 1975. There 
were five males and five females in each group. No restriction was made 
as to tribe or kinship. A signed consent form was obtained from each 
subject prior to testing (see Appendix A, page 38). All participants 
were healthy and had no recent history of gastrointestinal disturbance 
or antibiotic usage. This was determined by a questionnaire taken on 
the day of testing (see Appendix A, page 40). 
Two identical tests for each subject were given two to seven days 
apart resulting in a total of 120 tests for the 60 participants, After 
12 hours of fasting, a basal breath sample was taken before the consump-
tion of five milliliters of reconstituted nonfat dry milk (containing 
approximately 0.25 grams lactose) per kilogram of body weight. Nine 
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breath samples were obtained at 15-minute intervals from 60 to 180 min-
utes and two breath samples were collected at 30-minute intervals from 
180 to 240 minute~ following the test meal (see Appendix A, page 44). 
Breath samples were collected in multi-laminar bags and analyzed within 
24 hours by a gas chromatograph equipped with a helium ionization detec-
tor (34). Each subject was instructed to inhale only through the nose 
and exhale slowly via the mouth into the collection apparatus. One-way 
valves were used for children five years of age and younger to prevent 
rebreathing of breath samples. A lactose-free snack of thin-sliced 
toasted French bread with half an ounce of jelly and decaffinated cof-
fee, tea or water was given at 60 minutes. At 180 minutes, a snack con-
sisting of a hard-cooked egg, whole wheat toast, one ounce of jelly and 
one of the aforementioned beverages was given. A limited amount of the 
same beverages was permitted upon request during the test period. 
The average of the three highest consecutive hydrogen concentra-
tions (ppm - parts per million) between 60 and 180 minutes which in-
cluded the maximum reading was used as the response factor for each 
subject. These values were statistically analyzed in a split-plot de-
sign (98). The main plot treatments were in a 6 X 2 factorial having 
six age groups and two sexes. The mean response of the two identical 
tests for each subject was used to determine the incidence of malabsorp-
tion. This design made it possible to determine the effects of age and 
sex on lactose malabsorption. 
A history of lactose consumption was obtained from each subject in 
order to study the effect of routine milk intake on lactose malabsorp-
tion (see Appendix A, page 42). The estimated daily lactose consumption 
was determined for each subject one month prior to testing. 
CHAPI'ER IV 
RESULTS 
The basal breath sample taken before the test meal helped acquaint 
the subjects with the breath collection procedures and also served as a 
check that each subject had fasted for a sufficient period of time. The 
average basal breath hydrogen concentration (ppm) for participants was 
six ppm (S.D.~7.1), suggesting that subjects did fast, 
Based on the results of a control population, 20 ppm of breath hy-
drogen was selected as the upper limit for the response in lactose ab-
sorbers (76). Thirty-six of the 60 subjects (60 percent) were 
classified as lactose malabsorbers since they had a response factor of 
20 ppm or greater of breath hydrogen. Nineteen were females and 17 were 
males indicating that malabsorption, considering all age groups, was not 
related to sex. 
The incidence of malabsorption by age groups is shown in Table II, 
Only two of the ten females under 13 years, age five and twelve, were 
malabsorbers, and only one of the ten males under 13 years, age five, 
was a malabsorber. The breath hydrogen responses for subjects from 6 to 
19 years of age indicate that lactose malabsorption becomes very evident 
during adolescence in Native North Americans. Approximately 82 percent 
(82.5) of subjects who were 13 years and older were lactose malab-
sorbers, and 90 percent of those who were 31 years and older were malab-
sorbers. Table IV (Appendix B, page 46) shows the breath hydrogen 
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TABLE II 
INCIDENCE OF MALABSORPTION IN EACH AGE GROUP+ 
* Number of** Mean Response Factor Malabsorbers 
Number ot; Percent of 
Age Group Subjects Males Females Average Males Females Malabsorption++ 
3-5 years 10 12.8 11.5 12.1 1 1 20 
6-12 years 10 5.0 16.? 10.9 0 1 10 
13-19 years 10 38.6 23.8 31.2 5 2 70 
20-30 years 10 36.7 50.5 43.6 3 5 80 
31-44 years 10 43.6 68.0 55.8 4 5 90 
45-64 years 10 53.7 4?.5 50.6 4 5 90 
31.7@ 36.3@ 34.0(§/§J 
+ #Average of test 1 and test 2. 
*Half females and half males. 
Average of the three highest consecutive hydrogen concentrations (ppm) between 60 and 180 minutes which 
** included the maximum reading. 
Malabsorption determined by a response factor of greater than 20 ppm of breath hydrogen. 
:+Indicates percent of malabsorption for all subjects in age group. 
~ean response factor for all subjects of that sex. 




response for each individual for test 1, test 2 and the mean of the two 
tests. Statistically there was no significant difference between the 
results of test 1 and test 2, that is the repeat testing of each indi-
vidual. Only three subjects (5 percent) would have been classified dif-
ferently if only one test had been administered to each subject. 
Very few symptoms associated with lactose intolerance such as ab-
dominal pain, flatulence and diarrhea were experienced by the partici-
pants during the breath hydrogen test. Only eight subjects had symptoms 
of flatulence and one had diarrhea. The remaining subjects were asymp-
tomatic. 
Twelve subjects (20 percent) related that after drinking milk they 
experienced symptoms associated with lactose intolerance. This was usu-
ally after one to two cups of milk. Fourteen subjects no longer drank 
milk, but consumed lactose in other dairy products. Table III shows a 
comparison of the estimated daily lactose ingested from all milk prod-
ucts one month prior to testing for absorbers and malabsorbers. Fifteen 
out of 36 (42 percent) malabsorbers consumed more lactose than some of 
the absorbers in their respective age categories. 
TABLE III 
ESTIMATED LACTOSE CONSUMPTION ONE MONTH PRIOR TO TESTING 
Lactose Consumption Per Day Lactose Consumption Per Day 
(grams) (grams) 
Number of Standard Number of Standard 
Age Group Absorbers Range Mean Deviation Malabsorbers Range Mean Deviation 
3-5 years 8 8.2-37.2 22.8 ~10.1 2 4.0-20.9 12.5 ~12.0 
6-12 years 9 11.1-51.4 25.3 ~12.0 1 0 40.9 0 
13-19 years 3 2.0-12.7 6.8 ~ 5.4 7 8.1-38.7 22.9 ~10.2 
20-30 years 2 48.7-76.0 62.4 ~19.3 8 0.6-46.6 15.5 ~16.0 
31-44 years 1 0 2.7 0 9 1. 2-27.1 11.5 ~11.2 
45-64 years 1 0 92.0 0 9 1.9-53.2 19.5 ~18.5 
CHAPTER V 
DISCUSSION 
The results of this study show with increasing age from adolescence 
to adulthood the incidence of lactose malabsorption becomes more preva-
lent among Native Americans. Other researchers have presented evidence 
which indicates low lactase levels are the norm in the majority of a-
dults in many populations (4, 26, 35, 49, 86). The findings in Native 
American children in this study did not support the statement that those 
people in ethnic groups who are lactose nondigesters as adults actually 
lose their capacity to digest lactose effectively by three to five years 
of age (49). Only three of twenty children (15 percent) under the age 
of 12 years were lactose malabsorbers. 
Forty-two percent of the malabsorbers in this study consumed as 
much lactose or more per day than some of the absorbers in their respec-
tive age groups. Hence, it appears these Native Americans (malabsorb-
ers) did not give support to the induction hypothesis which states if a 
person continued to consume dairy products after weaning, dietary lac-
tose would induce lactase activity in the small intestine and this would 
continue at the high level typical of infancy (13, 25). The result 
therefore would be an adult lactose absorber. 
On the basis of breath hydrogen tests in controls, 20 ppm was taken 
as the upper limit for lactose absorbers (76). In comparison, subjects 
known to be malabsorbers had a greater response following the 
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consumption of the same lactose test meal with little or no physical 
discomfort (34). Lactose in milk is more realistic than lactose in wa-
ter and the small dose made it possible to distinguish lactose malab-
sorbers without inducing physical symptoms associated with nondigested 
lactose. 
The breath hydrogen test has many advantages over other diagnostic 
procedures for lactose malabsorption. It is easy to administer, re-
quires no sterile procedures (other than the mouthpiece used by the sub-
ject) or refrigeration of samples and causes little or no discomfort to 
the subject. For these reasons the breath hydrogen test was well suited 
for testing a large number of Native Americans. It can be used in the 
field as conveniently as in a laboratory. This was certainly true in 
this study in which over three-fourths of the samples were collected 25-
30 miles from the laboratory. The equipment and necessary materials for 
conducting the tests were set up in a temporary lab in about 20 minutes. 
The breath samples were returned to the laboratory for analysis. 
Other diagnostic tests that require blood sampling cause apprehen-
sion and fright in young children. Therefore, many Indian children were 
willing to participate in this study when they knew it was a noninvasive 
technique. Children as young as three years of age enjoyed "blowing up 
the bag." 
Summary 
Breath hydrogen excretion was used to determine lactose malabsorp-
tion in 30 heal thy females and 30 heal thy males between the ages of 3 
and 64 years who were at least seven-eighths Native American. The test 
meal consisted of five milliliters reconstituted nonfat dry milk (0.25 
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grams lactose) per kilogram of body weight. A history of lactose con-
sumption was obtained from each subject in order to study the effect of 
routine milk intake on lactose maldigestion. 
Thirty-six of the 60 subjects (60 percent) were classified as lac-
tose malabsorbers since they had response factors of 20 ppm or greater 
of breath hydrogen. Only 3 of 20 children (15 percent) who were under 
the age of 12 years were nondigesters of the small lactose dose used in 
this study. Approximately 82 percent (82.5) of subjects who were 13 
years and older were lactose malabsorbers. Adolescence appears to be 
the period in which malabsorption of lactose becomes evident in Native 
North Americans. 
Forty-two percent of the malabsorbers consumed as much lactose or 
more than some absorbers in their respective age categories. Hence, it 
appears the consumption of dairy products had little effect on the lac-
tase activity of Native Americans in this study. 
Recommendations for Future Research 
1. Quantitate lactose not absorbed during breath hydrogen test in 
order to determine degree of lactase activity. 
2. Test different dose levels with children to determine if 0.25 
grams lactose per kilogram is an adequate dose to distinguish malabsorb-
ers in young children. 
3. Determine transit time of lactose in milk versus lactose in 
water with the breath hydrogen test. 
4. Determine if age-related doses of lactose would be more realis-
tic than weight-related doses. 
5. Determine the dilutional effect of hyperventilation during the 
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breath hydrogen test. 
6. With the use of the breath hydrogen test, test different foods 
to determine their dietary fiber content. 
SELECTED BIBLIOGRAPHY 
1. Almy, T. P.: Evolution, lactase levels, and global hunger. 
N. Engl. J. Med. 292:1183, 1975. 
2. Alzate, H., Gonzalez, H., and Guzman, J.: Lactose intolerance in 
South American Indians. Am. J. Clin. Nutr. 22:122, 1969. 
3. Bayless, T. M.: Disaccharidase deficiency. J. Am. Diet. Assoc. 
60:478, 1972. 
4. Bayless, T. M., Paige, D. M., and Ferry, G. D.: Lactose intoler-
ance and milk drinking habits. Gastroenterology 60:605, 1971. 
5. Bayless, T. M., and Rosensweig, N. S.: 
incidence of lactase deficiency. 
A racial difference in 
J.A.M.A. 197:968, 1966. 
6. Bayless, T. M., and Rosensweig, N. S.: Incidence and implications 
of lactase deficiency and milk intolerance in white and Negro 
populations. Johns Hopkins Med. J. 121:54, 1967. 
7. Bayless, T. M., Rothfeld, B., Massa, C., Wise, L., Paige, D., and 
Bedine, M.S.: Lactose and milk intolerance: clinical impli-
cations. N. Engl. J. Med. 292:1156, 1975. 
8. Bell, R. R., Draper, H. H., and Bergan, J. G.: Sucrose, lactose, 
and glucose tolerance in northern Alaskan Eskimos. Am. J. 
Clin. Nutr. 26:1185, 1973. 
9. Blaxter, K. L.: Lactation and the growth of the young. In Kow, S. 
K., and Cowie, A. T~, eds.: Milk: The Mammary Gland and Its 
Secretion. New York: Academic Press, Inc., 1961, p. 329. 
10. Bolin, T. D., Crane, G. G., and Davis, A. E.: Lactose intolerance 
in various ethnic groups in South-East Asia. Aust. Ann. Med. 
17:300, 1968. 
11. Bolin, T. D., and Davis, A. E.: Asian lactose intolerance and its 
relation to intake of lactose. Nature 222:382, 1969. 
12. Bolin, T. D., and Davis, A. E.: Lactose intolerance in Australian-
born Chinese. Aust. Ann. Med. 19:40, 1970. 
13. Bolin, T. D., and Davis, A. E.: Primary lactase deficiency: 









Bolin, T, D., Davis, A. E., Seah, C. S., Chua, K. L., Yong, V., 
Kho, K. M., Siak, C. L., and Jacob, E.: Lactose intolerance 
in Singapore, Gastroenterology 59:76, 1970. 
Bolin, T. D., Morrison, R. M., Steel, J. E., and Davis, A. E.: 
30 
Lactose intolerance in Australia. Med. J, Aust. 1:1289, 1970. 
Bond, J, H., and Levitt, M.D.: Use of pulmonary hydrogen (H) 
measurements to quantitate carbohydrate absorption. J. blin. 
Invest. 51:1219, 1972. 
Bose, D.P., and Welsh, J, D.: Lactose malabsorption in Oklahoma 
Indians. Am. J. Clin. Nutr. 26:1320, 1973. 
Calloway, D. H.: Respiratory hydrogen and methane as affected by 
consumption of gas-forming foods. Gastroenterology 51:383, 
1966. 
Calloway, D. H., and Chenoweth, W. L.: Utilization of nutrients in 
milk- and wheat-based diets by men with adequate and reduced 
abilities to absorb lactose, I. Energy and nitrogen. Am. J. 
Olin. Nutr. 26:939, 1973. 
Calloway, D. H., Murphy, E. L., and Bauer, D.: Determination of 
lactose intolerance by breath analysis. Am. J. Dig. Dis. 
14:811, 1969. 
21. Chung, M. H., and McGill, D. B.: Lactase deficiency in Orientals. 
Gastroenterology 54:225, 1968. 
22. Cook, G. C.: Lactase activity in newborn and infant Baganda. Br. 
23. 
Med. J. 1:527, 1967. 
Cook, G. C., Asp, N, G., and Dahlqvist, A.: 
kinetics in Zambian African subjects. 
1973. 
Lactose absorption 
Br. J. Nutr. 30:519, 
24. Cook, G. C., and Kajubi, S. K.: Tribal incidence of lactase defi-
ciency in Uganda. Lancet 1:725, 1966. 
25. Cuatrecasas, P., Lockwood, D. H., and Caldwell, J. R.: Lactase 
deficiency in the adult. Lancet 1:14, 1965. 
26. Dahlqvist, A., and Lindquist, B.: Lactose intolerance and protein 
malnutrition. Acta. Paediatr. Scand. 60:488, 1971. 
27. Davis, A. E., and Bolin, T.: Lactose intolerance in Asians. 
Nature 216:1244, 1967. 
28. Desai, H. G., Chitre, A. V., Parekh, D. V., and Jeejeebhoy, K. N.: 
Intestinal disaccharidases in tropical sprue. 
Gastroenterology 53:375, 1967. 
29. Dill, J. E., Levy, M., Wells, R. F., and Weser, E.: Lactase 
deficiency in Mexican-American males. Am. J, Clin, Nutr. 
25:869, 1972. 
30, Duncan, I. W., and Scott, 
Indians and Eskimos. 
E. M.: Lactose intolerance in Alaskan 
Am. J. Clin, Nutr. 25:867, 1972. 
31 
31. Elliott, R. B., Maxwell, G. M., and Vawser, M.: Lactose maldiges-
tion in Australian aboriginal children. Med. J, Aust, 
1:46, 1967. 
32. Figueroa, R. B., Melgar, E., Jo, N., and Garcia, 0. L.: Intestinal 
lactase deficiency in an apparently normal Peruvian popula-
tion, Am. J. Dig. Dis. 16:881, 1971. 
33. Flatz, G., Saengudom, C., and Sanguanbhokhai, T.: Lactose intol-
erance in Thailand. Nature 221:758, 1969. 
34. Gearhart, H. L., Bose, D.P., Smith, C. A., Morrison, R. D., Welsh, 
J.D., and Smalley, T, K.: Determination of lactose malab-
sorption by breath analysis with gas chromatography. Anal. 
Chem, 48:393, 1976. 
35· Gilat, T., Kuhn, R., Gelman, E., and Mizrahy, 
ciency in Jewish communities in Israel, 
15:895, 1970. 
0.: Lactase defi-
Am. J, Dig, Dis. 
36. Gilat, T,, Malachi, E. G., and Shochet, S. B.: Lactose tolerance 
in an Arab population. Am. J. Dig. Dis. 16:203, 1971. 
37. Gilat, T,, Russo, S., Gelman-Malachi, E., and Aldor, T. A.M.: 
38. 
Lactase in man: a nonadaptable enzyme. Gastroenterology 
62:1125, 1972. 
Gudmand-Hoyer, E., Dahlqvist, A., and Jarnum, 
intestinal lactase deficiency in adults. 
Gastroenterol. 4:377, 1969. 
S.: Specific small-
Scand. J. 
39. Gudmand-Hoyer, E., and Jarnum, S.: Lactose malabsorption in 
Greenland Eskimos. Acta. Med. Scand. 186:235, 1969. 
40. Haemmerli, U. P., Kistler, H., Ammann, R., Marthaler, T., Semenza, 
G., Auricchio, S., and Prader, A.: Acquired milk intolerance 
in the adult caused by lactose malabsorption due to a selec-
tive deficiency of intestinal lactase activity. Amer. J. Med. 
38:7, 1965. 
41. Halsted, C. H., Sheir, S., Sourial, N., and Patwardhan, V. N.: 
Small intestinal structure and absorption in Egypt. Am. J. 
Clin. Nutr. 22:744, 1969. 
42. Hepner, G. W.: Breath analysis: gastroenterological applications. 
Gastroenterology 67:1250, 1974. 
32 
43. N • : Herbst, J. J., Hurwitz, R., Sunshine, P., and Kretchmer, 
Effect of colchicine on intestinal disaccharidases: 
tion with biochemical aspects of cellular renewal. 
Invest. 49:530, 1970. 
correla-
J. Olin. 
44, Hoffman, W. S.: A rapid photoelectric method for the determination 
of glucose in blood and urine. J. Biol. Chem. 120:51, 1937. 
45. Huang, S., and Bayless, T. M.: Milk and lactose intolerance in 
healthy Orientals. Science 160:83, 1968. 
46. Huang, S., and Bayless, T. M.: Lactose intolerance in healthy 
children. N. Engl. J. Med. 276:1283, 1967. 
4?. Jersky, J., and Kinsley, R. H.: Lactase deficiency in the South 
African Bantu. S. Afr. Med. J. 41:1194, 1967. 
48. Jones, D. V., and Latham, M. C.: 
children and their parents. 
Lactose intolerance in young 
Am. J. Olin. Nutr. 27:547, 1974. 
49. Johnson, J. D. , Kretchmer, N. , and Sim:oons, F. J. : Lactose malab-
sorption: its biology and history. Adv. Pediatr. 21:197, 
19?4. 
50. Jussila, J., Isokoski, M., and Launiala, K.: Prevalence of lactose 
malabsorption in a Finnish rural population. Scand. J. 
Gastroenterol. 5:49, 1970. 
51. Kanaghinis, T,, Hatzioannou, J., Deliargyris, N., Danos, N., 
Zografos, N., Katsas, A., and Gardikas, C.: Primary lactase 
deficiency in Greek adults. Am. J. Dig. Dis. 19:1021, 1974. 
52. Kern, J., and Heller, M.: Blood galactose after lactose and 
ethanol: an accurate index of lactase deficiency. 
Gastroenterology 54:1250, 1968. 
53. Kerry, K. R., and Anderson, C. M.: A ward test for sugar in feces. 
Lancet 1:981, 1964. 
54. Keusch, G. T., Troncale, F. J., Miller, L. H., Promadhat, V., and 
Anderson, P.R.: Acquired lactose malabsorption in Thai 
children. Pediatrics 43:540, 1969. 
55. Keusch, G. T. , Troncale, F. J. , Tha varamara, B. , Prinyanont, P. , 
Anderson, P.R., and Bhamarapravathi, N.: Lactase deficiency 
in Thailand: effect of prolonged lactose feeding. Am. J. 
Olin. Nutr. 22:638, 1969. 
56. Kogut, M.D., Donnell, G. N., and Shaw, K. N. F.: Studies of lac-
tose absorption in patients with galactosemia. Pediatrics 
71:75, 1967. 
57. Kretchmer, N.: Memorial lecture: lactose and lactase--a histori-
cal perspective. Gastroenterology 61:805, 1971. 
58. Kretchmer, N., Ransome-Kuti, 0., Hurwitz, R., Dungy, C., and 
Alakija, W.: Intestinal absorption of lactose in Nigerian 
ethnic groups. Lancet 2:392, 1971. 
59. Laws, J. W., and Neale, G.: Radiological diagnosis of disaccha-
ridase deficiency. Lancet 2:139, 1966. 
60. Lebenthal, E., Antonowicz, I., and Shwachman, H.: Correlation of 
lactase activity, lactose tolerance and milk consumption in 
different age groups. Am. J, Clin. Nutr. 28:595, 1975. 
33 
61. Lebenthal, E., Tsuboi, K., and Kretchmer, N.: Characterization of 
human intestinal lactase and hetero-beta-galactosidases of 
infants and adults. Gastroenterology 67:1107, 1974. 
62. Leichter, J.: Lactose tolerance in a slavic population. Am. J. 
Dig. Dis. 17:73, 1972. 
63. Leichter, J.: Comparison of whole milk and skim milk with aqueous 
lactose solution in lactose tolerance testing. Am. J. Clin. 
Nutr. 26:393, 1973. 
64. Leichter, J.: Effect of dietary lactose on intestinal lactase 
activity in young rats. J. Nutr. 103:392, 1973. 
65. Leichter, J., and Lee, M.: Lactose intolerance in Canadian West 
Coast Indians. Am. J. Dig. Dis. 16:809, 1971. 
66. Levitt, M.D.: Production and excretion of hydrogen gas in man. 
N. Engl. J. Med. 281:122, 1969. 
67. Levitt, M.D., and Donaldson, R. M.: Use of respiratory hydrogen 
(H2) excretion to detect carbohydrate malabsorption. J. Lab. 
Cl1n. Med. 75:937, 1970. 
68. Lisker, R., Lopez-Habib, G., Daltabuit, M., Rostenberg, I., and 
Arroyo, P.: Lactase deficiency in a rural area of Mexico. 
Am. J. Clin. Nutr. 27:756, 1974. 
69. Littman, A., Cady, A. B., and Rhodes, J.: Lactase and other disac-
charidase deficiencies in a hospital population. Isr. J. Med, 
Sci. 4:110, 1968. 
70. Luyken, R., and Luyken-Koning, F. W. M.: Lactose intolerance in 
Kenya. Proc. Nutr. Soc. 31:6A, 1972. 
71. Luyken, R., Luyken-Koning, F. W. M., and Immikhuizen, M. J. T.: 
Lactose intolerance in Surinam. Trop. Geogr. Med. 23:54, 
1971. 
72. McCracken, R. D.: Adult lactose tolerance. J.A.M.A. 213:2257, 
1970. 
34 
73. McGill, D. B., and Newcomer, A. D.: Comparison of venous and cap-
illary blood samples in lactose tolerance testing. 
Gastroenterology 53:371, 1967. 
74. McMichael, H. B., Webb, J., and Dawson, A.M.: Jejunal disaccha-
ridases and some observations on the cause of lactase defi-
ciency. Br. Med. J. 2:1037, 1966. 
75. Metz, G., Jenkins, D. J. A., Peters, T. J., Newman, A., and 
Blendis, L. M.: Breath hydrogen as a diagnostic method for 
hypolactasia. Lancet 2:1155, 1975. 
76. Moffitt, K. N.: Unpublished data. Oklahoma State University, 
1976. 
77. Nandi, M.A., and Parham, E. S.: Milk drinking by the lactose 
intolerant. J. Am. Diet. Assoc. 61:258, 1972. 
78. Nelson, N.: A photometric adaptation of the Somogyi method for the 
determination of glucose. J. Biol. Chem. 153:375, 1944. 
79. Newcomer, A. D., and McGill, D. B.: Disaccharidase activity in the 
small intestine: prevalence of lactase deficiency in 100 
healthy subjects. Gastroenterology 53:881, 1967. 
80. Newcomer, A. D., McGill, D. B., Thomas, P. J., and Hofmann, A. F.: 
Prospective comparison of indirect methods for detecting lac-
tase deficiency. N. Engl. J. Med. 293:1232, 1975. 
81. Olatunbosun, D. A., and Adadevoh, B, K.: Lactase deficiency in 
Nigerians. Am. J. Dig, Dis. 16:909, 1971. 
82. Paige, D. M., Bayless, T. M., and Dellinger, W. S.: Relationship 
of milk consumption to blood glucose rise in lactose intoler-
ant individuals, Am. J. Clin. Nutr. 28:677, 1975. 
83. Paige, D. M., Leonardo, E., Cordano, A., Adrianzen, B., and Graham, 
G. G.: Lactose malabsorption in healthy and malnourished 
Peruvian mestizo children. Am. J. Clin. Nutr. 24:599, 1971. 
84. Paige, D. M., Leonardo, E., Cordano, A., Nakashima, J., Adrianzen, 
B., and Graham, G. G.: Lactose intolerance in Peruvian 
children: effect of age and early nutrition. Am. J. Clin. 
Nutr. 25:297, 1972. 
85. Paige, D. M., Leonardo, E., Nakashima, J., Adrianzen, B., and 
Graham, G. G.: Response of lactose-intolerant children to 
different lactose levels. Am. J. Clin. Nutr. 25:467, 1972. 
86. Protein Advisory Group of the United Nations System: Report on the 
PAG ad hoc working group meeting on milk intolerance--nutri-
tional implications, 1971. 
35 
87. Reddy, V., and Pershad, J,: Lactase deficiency in Indians. Am. J. 
Clin, Nutr. 25:114, 1972. 
88. Rosensweig, N. S.: Adult lactase deficiency: genetic control or 
adaptive response? Gastroenterology 60:464, 1971. 
89. Rosensweig, N. S.: Diet and intestinal enzyme adaptation: impli-
cations for gastrointestinal disorders. Am. J, Clin. Nutr. 
28:648, 1975. 
90. Rosensweig, N. S.: Dietary sugars and intestinal enzymes. J. Am. 
/ Diet. Assoc. 60:483, 1972. 
91. Rosensweig, N. S., and Herman, R. H.: Diet and disaccharides. 
Amer. J. Clin. Nutr. 22:99, 1969. 
92. Rozen, P., and Shafrir, E.: Behavior of serum free fatty acids and 
glucose during lactose tolerance tests, Isr. J. Med. Sci. 
4:100, 1968. 
93. Sasaki, Y., Iio, M., Kameda, H., Ueda, H., Aoyagi, T., Christop~4r, 
N. L., Bayless, T, M., and Wagner, H. N.: Measurement of C-
lactose absorption in the diagnosis of lactase deficiency. 
94. 
J. Lab. Clin. Med. 76:824, 1970. 
Sheehy, T. W., and Anderson, P.R.: Disaccharidase activity in 
normal and diseased small bowel. Lancet 2:1, 1965. 
95. Simoons, F. J.: Primary adult lactose intolerance and the milking 
habit: a problem in biological and cultural interrelations. 
I. Review of the medical research. Am. J, Dig. Dis. 14:819, 
1969. 
96. Simoons, F. J.: Primary adult lactose intolerance and the milking 
habit: a problem in biologic and cultural interrelations. 
II. A culture historical hypothesis. Am. J. Dig. Dis. 15: 
695, 1970. 
97. Sowers, M, F., and Winterfeldt, E.: Lactose intolerance among 
Mexican Americans. Am. J. Clin. Nutr. 28:704, 1975. 
98. Steel, R. G. D., and Torrie, J. H.: Analysis of variance IV: 
split-plot designs and analysis. Principles and Procedures 
of Statistics. New York: McGraw-Hill Book Company, Inc. , 
1960, p. 232. 
99. Stephenson, L. S., and Latham, M. C.: Lactose intolerance and milk 
consumption: the relation of tolerance to symptoms. Am. J. 
Clin. Nutr. 27:296, 1974. 
100. Stoopler, M., Frayer, W., and Alderman, M. H.: Prevalence and 
persistence of lactose malabsorption among young Jamaican 
children. Am. J. Clin. Nutr. 27:728, 1974. 
101. Troncale, F. J., Keusch, G. T., Miller, 1. H., Olsson, R. A., and 
Buchanan, R. D.: Normal absorption in Thai subjects with non-
specific jejunal abnormalities. Br. Med. J. 4:578, 1967. 
102. Welsh, J. D.: Isolated lactase deficiency in humans: report on 
100 patients. Medicine 49:257, 1970. 
103. Welsh, J.D., Rohrer, V., Knudsen, K. B., and Paustian, F. F.: 
Isolated lactase deficiency. Arch. Intern. Med. 120:261, 
1967. 
104. Welsh, J.D., Zschiesche, 0. M., Willits, V. 1., and Russell, 1.: 
Studies of lactose intolerance in families. Arch. Intern. 
Med. 122:315, 1968. 
105. Wen, C. P., Antonowicz, I., Tovar, E., McGandy, R. B., and 
Gershoff, S. N.: Lactose feeding in lactose-intolerant 




STATEMENT OF INFORMED CONSENT 
Development of Carbohydrate Malabsorption 
OKLAHOMA STATE UNIVERSITY 
I hereby acknowledge that I have been informed of the nature of the re-
search for which I am to participate as part of the project, D<3velopment 
of Carbohydrate Malabsorption, as follows: 
I. Statement of procedures and identification of those which are 
experimental: 
You will arrive about 8:30 a.m. after having a good night of sleep and 
no food or drink (except water), since 9:00p.m. the previous evening. 
Testing will start approximately 20 to 30 minutes after the arrival in 
the laboratory. You should become familiar with the surroundings and 
feel relaxed and comfortable in the lab and lounge area. Please feel 
free to ask the person or persons conducting the study any questions 
that may concern yo~ or that may have aroused your curiosity. 
The study will start by collecting a breath sample. This is done by 
blowing three breaths into a bag. Next you will eat or drink food or 
milk containing a known amount of sugar. One hour later another breath 
sample will be taken. Breath samples will be taken every 15 minutes 
after the first hour for the next three hours. 
To avoid any discomfort from hunger during the time of the experiment a 
serving of toast and jelly will be given after the first hour, and a 
hard cooked egg and French bread after the third hour. A diet and fam-
ily history will be taken sometime during the test period. 
You will need to remain in the area of the lounge during the whole 
testing period unless other arrangements have been made previously. 
II. Description of discomforts: 
There should be few if any discomforts experienced. If you are intol-
erant to the sugar given you may experience mild stomach cramps, gas 
and diarrhea. These discomforts should last only a short time, 1t to 
2 hours. With this new method to determine if a person is lactose in-
tolerant, we give a very small amount of the lactose sugar as it occurs 
naturally in milk so that one will experience few or possibly no symp-
toms at all. If any of the above discomforts are experienced, please 
tell the person giving the test so she may record these symptoms. 
INITIALS: 
Statement of Informed Consent 
Development of Carbohydrate Malabsorption 
Page 2 
III. Descriptions of benefits to be expected: 
39 
This test establishes whether or not the individual is tolerant to milk 
sugar. This should be valuable information to the person, as he will be 
able to avoid future discomfort which may arise due to lactose intoler-
ance. The test may indicate the presence of diabetes (breath acetone). 
IV. I have been given an opportunity to ask and receive answers to any 
questions concerning procedures. 
V. I have been informed that I am free to withdraw my consent and to 
discontinue participation at any time. Furthermore, I agree that 
there has been no attempt, either written or oral, to get me to 
waive any of my legal rights or to hold any person or other entity 
blameless except as provided by law. 
VI. I hereby give my informed consent to participate. 
Date Signature 













Some of these questions may be of a personal nature, please answer them 
truthfully and to the best of your ability because the validity of our 
data depends on how you answer the following questions. All information 
on this sheet will be confidential. 
Have you eaten any food or had any drink with the 
exception of water in the last 12 hours? If so when? 
What time did you get out of bed this morning? 
Are you a diabetic? If yes, what medication do you 
take? 
Have you been ill during the past seven days? 
If yes, how many days since you have been feeling 
better? 
Have you taken any of these drugs in the last ten 
days? If yes, name drug please. 
Antibiotics: When last taken? 
Sulfa drug: When last taken? 
Other: When last taken? 
Have you had an emotional upset recently? For 
example a death in the family, fight with a spouse 
or boy friend (girl friend), car accident, failed a 
test, unwanted pregnancy, or lost a large amount of 
money? 
Are you taking any unprescribed drugs? If yes, 
what kind. 
Are you taking cold capsules? If yes, please name 
them. 







Have you taken 
48 hours: 














Do you use any of the following tobaccos: 
Cigarette: How many packs/week? 
Cigar: How many cigars/week? 
Chewing: How many plugs/week? 
Snuff: How many tins/week? 
Pipe: How many pouches/week? 
Have you had any of the following gastrointestinal 




Are you having your monthly period at this time? 
What day of your period is it? 
Do you notice any discomfort during your period 
having to do with the: 
Stomach? When? 
Intestine? When? 
Have you ever had any pulmonary diseases such as 
emphysema or TB? 
Are you taking birth control pills? 








When? __ (days ago) 
When? (days ago) 
When? (days ago) 
LACTOSE AND FAMILY HISTORY 
NAME: ID NUMBER: 
DATE: SEX: 
1. How much milk do you drink each day? 
Less than 1 cup of milk 
1 cup of milk 
2 cups of milk 
3 cups of milk 
More than 3 cups of milk 
2. Did you drink milk when you were in high school? 
3. Did you drink milk when you were in grade school? 
4. How old were you when you stopped drinking milk? 
5• When you drink milk does it cause any symptoms? 
6. Approximately how many cups of milk would cause you 
to experience any discomfort after drinking milk? 
7. Which of the following foods do you eat: 
How Many Times In 
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Cream Soups • . • 
Ice Cream or Ice Milk . 
Gravy made with milk 
Malts or Milkshakes • 
Milk on Cereals 
Milk-Based Diet Drinks 









8. Are you allergic to any foods? Please list. 
FAMILY HISTORY 
Trace your family history back two generations. Please list the name, 
tribe and Native American percentage of each family member. Include 
adopted and half brothers and sisters. Example: Mary Wolfe--Creek 4/4. 




NAME: BAG COLOR CODE: 
ID NUMBER: HEIGHT: 
DATE: WEIGHT: 
ARRIVAL TIME: AGE: 
TIME JVIILK INGESTED: SEX: 
ML. OF MILK GIVEN: PERCENT INDIAN: 
DOSAGE AND SUGAR: TRIBE: 
STUDY: BIRTH YEAR: 


















TEST RESULTS FOR EACH SUBJECT 
* * 
Average 
Subject Response Factor Response Factor Response Factor 
Number Age Test 1 Test 2 Tests 1 and 2 
35 3 4.0 4.0 4.0 
13 5 38.0 7.7 22.8 
26 5 5.7 2.7 4.2 
34 5 5·3 10.7 8.0 
46 5 9·3 8.3 8.8 
60 5 3·7 15.3 9.5 
61 5 14.0 5.0 9.5 
62 5 35·7 28.7 32.2 
67 5 6.0 9·3 7.7 
69 5 16.0 14.0 15.0 
50 6 4.3 6.7 5.5 
23 7 13.0 S.J 10.7 
18 8 1.3 1.7 1.5 
22 9 7.7 6.0 6.8 
19 10 J.J 1.3 2.3 
28 10 16.0 13.3 14.7 
16 11 J.O 7.0 5.0 
38 11 10.7 S.J 9.5 
41 11 6.7 17.3 12.0 
48 12 50.7 JO.J 40.5 
30 13 11.3 17.0 14.2 
37 14 34.7 68.0 51.3 
47 14 41.0 35·7 JS.J 
57 14 20.J 29.3 24.8 
31 15 5.3 4.0 4.7 
33 16 35·3 33·3 J4.J 
58 16 49.3 31.7 40.5 
68 16 27.7 48.J 38.0 
63 18 41.7 50.7 46.2 
64 19 25.0 14.3 19.7 
36 20 33·7 J4.0 JJ.S 
53 20 80.0 55.0 67.5 
65 21 70.J 87.0 78.7 
10 22 l2.7 8.3 10.5 
24 24 7J.O 59.0 66.0 
59 24 5·7 5-7 5.7 
12 26 7·3 4J.O 25.2 
49 28 J4.J 20.J 27.3 
14. 30 51.3 65.3 58.3 
43 30 61.0 64.7 62.8 
42 31 J4.J 52·3 4J.J 
25 32 97 .J 80.3 88.8 
40 33 82.3 108.0 95.2 
39 34 53·3 62.7 58.0 
47 
TABLE IV (Continued) 
* * 
Average 
Subject Response Factor Response Factor Response Factor 
Number Age Test 1 Test .'2 Tests 1 and 2 
27 35 74.3 35.0 54.7 
20 37 14.0 3.0 8.5 
11 38 48.3 21.0 34.7 
44 39 62.0 49.0 55.5 
51 41 55.7 49.7 52.7 
21 42 53.7 79.3 66.5 
15 45 42.3 84.3 63.3 
29 47 5.0 9.7 7.3 
52 48 87.0 103.7 95.3 
66 48 48.7 31.0 39.8 
17 56 37.7 68.7 53.2 
55 57 71.3 70.0 70.7 
32 60 15.3 24.7 20.5 
45 61 24.7 35·3 30.0 
54 61 61.3 73·3 67.3 
56 64 59·3 58.3 58.8 
* Response Factor: average of the three highest consecutive hydrogen 
concentrations (ppm) between 60 and 180 minutes which included the 
maximum reading. ~ 
~ 
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